Allogeneic hematopoietic cell transplantation (allo-HCT) not only is an effective treatment for several hematologic malignancies but can also result in potentially life-threatening graft-versus-host disease (GvHD). GvHD is caused by T cells within the allograft attacking nonmalignant host tissues; however, these same T cells mediate the therapeutic graft-versus-leukemia (GvL) response. Thus, there is an urgent need to understand how to mechanistically uncouple GvL from GvHD. Using preclinical models of full and partial MHC-mismatched HCT, we here show that the granulocyte-macrophage colony-stimulating factor (GM-CSF) produced by allogeneic T cells distinguishes between the two processes. GM-CSF drives GvHD pathology by licensing donor-derived phagocytes to produce inflammatory mediators such as interleukin-1 and reactive oxygen species. In contrast, GM-CSF did not affect allogeneic T cells or their capacity to eliminate leukemic cells, retaining undiminished GvL responses. Last, tissue biopsies and peripheral blood mononuclear cells from patients with grade IV GvHD showed an elevation of GM-CSF-producing T cells, suggesting that GM-CSF neutralization has translational potential in allo-HCT.
INTRODUCTION
For patients suffering from hematological malignancies, allogeneic hematopoietic cell transplantation (allo-HCT) is a potentially curative and life-saving intervention. However, between 40 and 60% of all patients will develop clinically acute or chronic graft-versus-host disease (GvHD), which together carry a mortality rate of about 50% (1, 2) . Donor-derived alloreactive T cells attack host malignant cells, producing the beneficial graft-versus-leukemia (GvL) effect. However, this same alloreactivity can be targeted toward healthy tissues (typically the skin, gut, and liver), leading to GvHD. Although depleting T cells from the donor material before allo-HCT can prevent or reduce GvHD, this comes at the cost of decreased GvL activity and increased relapse rates (3) . Therefore, there is an urgent need to understand how the mechanisms of GvL and GvHD can be separated at the T cell level and modulated for clinical benefit.
Much work has attempted to define key T cell subsets and cytokines that underpin GvHD in murine models, but to date, few consistent conclusions have been drawn. Although GvHD was originally proposed to be a T helper 1 (T H 1)-mediated pathology (4) , studies in mice showed that donor T cells deficient in the T H 1 cytokine interferon- (IFN-) can exacerbate the disease (5) . T H 2 cells can both suppress experimental GvHD (6, 7) and induce GvHD affecting the liver and skin (8, 9) . Similarly, although there is evidence that interleukin-17A (IL-17A)-producing T cells can mediate immunopathology in inflammatory diseases (10) , their role in GvHD remains controversial, as in murine models IL-17 seems able to either promote (11, 12) or ameliorate GvHD (9) , depending on the experimental conditions. Together, polarized T H cells are implicated in the emergence and perpetuation of GvHD, but so far, it has not been possible to identify any specific soluble mediator that has a reproducible and nonredundant function in the pathogenesis of the disease in both murine models and in humans.
One cytokine with an emerging role across a range of inflammatory disorders is granulocyte-macrophage colony-stimulating factor (GM-CSF also known as Csf2) (13, 14) . Despite its original designation as a hematopoietic growth factor, mice lacking GM-CSF or its receptor develop normally and have a functional myeloid cell compartment, while exhibiting specific defects in pulmonary immunophysiology (15) and in the homeostasis of CD103 + and CD11b + dendritic cells (DCs) in nonlymphoid tissues (16) . However, GM-CSF produced by activated T H cells has a profound impact on the differentiation and activation of several myeloid cell subsets during pathologic tissue inflammation (13, 17, 18) and can drive myeloid cell cytokine production (19) , phagocytosis (20) , and oxidative burst (21) . We therefore asked whether GM-CSF plays a role in the inflammatory tissue damage of GvHD after allo-HCT.
Using murine models of major histocompatibility complex (MHC)-mismatched HCT, we here show that T cell-derived GM-CSF drives GvHD without compromising alloreactive T cell control of tumors (GvL), thus uncoupling phagocyte-mediated immunopathology from lymphocyte-mediated control of cancer cells. Therefore, we propose GM-CSF as a potential therapeutic target to attenuate GvHD while maintaining GvL in patients receiving allo-HCT.
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) proliferated equally after coculture with allogeneic DCs, excluding a priori differences in the proliferative potential of these cells (Fig. 1H) . Together, GM-CSF and IFN-, but not IL-17A, are produced by T cells infiltrating target organs during GvHD.
GM-CSF production by allogeneic T cells is essential for GvHD pathology
Given the production of GM-CSF and IFN- by alloreactive T H cells, we assessed the relevance of these cytokines in determining the severity of acute GvHD. As described above, we lethally irradiated WT BALB/c mice and then compared the outcomes of injecting TCD-BM cells from WT B6 mice, with or without splenocytes from WT B6 mice or Csf2 −/− splenocytes were protected from lethal GvHD up to 20 days after allo-HCT, whereas all mice treated with BM plus WT splenocytes had died or reached final termination criteria by day 15 after HCT ( Fig. 2A ). Injecting mice with BM plus Ifng −/− or Il17a −/− splenocytes also significantly affected the timing of fatal GvHD, but still, almost 100% of these mice died by day 20 ( Fig. 2A) .
Because donor splenocyte preparations contain multiple different immune cell types, we then asked whether T cells were the biologically relevant source of GM-CSF in our GvHD model. We injected lethally irradiated BALB/c recipients with TCD-BM cells from WT B6 donors, with or without purified T cells isolated from spleens of WT or Csf2 −/− B6 mice. This approach confirmed that mice receiving Csf2 −/− T cells were protected from lethal GvHD up to 70 days after allo-HCT, in stark contrast to those receiving WT T cells (Fig. 2B ). There was no evidence that this protective effect was related to intrinsic differences between splenic T cells from WT and Csf2 −/− mice because both CD4 and CD8 populations exhibited comparable frequencies ( fig. S1A ), activation status (fig. S1B), and suppressive capacity of regulatory T cells (T regs ) ( fig. S1C ). Also after HCT, the capacity to produce GM-CSF did not affect the ability of T cells to infiltrate GvHD target organs (fig. S1, D and E), the frequencies of activated (CD44 high ) T cells and T regs in the spleen or peripheral lymph nodes (LNs; fig. S1F ), their proliferative capacity and granzyme B production ( fig. S1G ), or their ability to produce proinflammatory cytokines such as IFN-, tumor necrosis factor- (TNF), or IL-17A ( fig. S1H ). The transfer of nonlethal doses of T cells confirmed the protective effect in the absence of GM-CSF, leading to only a mild GvHD but a significant difference in the clinical score between the groups receiving WT or Csf2 −/− T cells ( fig.  S2, A and B) .
We then examined the relative contribution of GM-CSF from CD4 and CD8 T cells to GvHD pathology. For this purpose, we performed an experiment using four combinations of CD4 and CD8 T cells transferred at a 1:1 ratio: CD4 WT T cells + CD8 WT T cells, CD4 WT T cells + CD8 Csf2 −/− T cells, CD4 Csf2 −/− T cells + CD8 WT T cells, and CD4 Csf2 −/− T cells + CD8 Csf2 −/− T cells. Only the combinations in which Csf2 was missing from the CD4 T cells conferred protection against lethal GvHD ( fig. S2C ), supporting the notion that alloreactive T H cells are a prominent source of GM-CSF in GvHD pathogenesis.
The survival advantage conferred to the recipients of allo-HCT of T cells lacking GM-CSF was also evident at the level of individual GvHD target tissues. Histopathological analysis at 6 days after allo-HCT revealed that transfer of Csf2 −/− splenocytes caused less tissue damage in skin and small intestine compared to transfer of WT splenocytes (Fig. 2, C and D) . The skin of mice receiving Csf2 −/− cells showed a decrease in cellular apoptosis and cellular infiltration around and within hair follicles and epidermis, whereas the small intestine showed a decrease in outright crypt destruction (Fig. 2D  and fig. S2 , D and E). We also observed reduced colonic pathology upon Csf2 −/− cell transfer, as depicted by increased colon length and a decreased apoptotic index (Fig. 2, E and F) . A screen for subclinical signs of liver dysfunction showed decreased serum concentrations of alanine aminotransferase (ALT), alkaline phosphatase (AP), and blood urea nitrogen (BUN) in mice transferred with Csf2 −/− splenocytes in comparison to the WT counterparts (Fig. 2G ). In addition, the systemic amounts of TNF were decreased in the absence of GM-CSF, whereas the amounts of IL-6 did not change ( fig.S2F ).
Because reactive oxygen species (ROS) have been implicated in GvHD tissue injury (22) , we asked whether the decreased tissue damage observed in the absence of GM-CSF was associated with lower ROS production. We found that sections from liver and small intestine of mice 6 days after transfer of Csf2 −/− splenocytes contained significantly fewer cells expressing p22phox, a critical component of the phagocyte ROS production machinery, than did sections from mice receiving WT splenocytes (Fig. 2H) .
To further confirm the functional role of GM-CSF in GvHD, we treated recipient mice with anti-GM-CSF antibodies before MHCmismatched HCT of BALB/c mice with WT B6 TCD-BM alone or with BM plus WT splenocytes. Systemically blocking the action of GM-CSF successfully replicated the survival advantage of transferring Csf2 −/− splenocytes into these mice (Fig. 2I) . Although murine models of fully MHC-mismatched HCT are informative, we next asked whether the role of GM-CSF in GvHD pathology was conserved in the more clinically relevant setting of a haplo-mismatched model of acute GvHD (23 
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survival advantage compared to mice that received WT splenocytes, protecting mice from fatal GvHD to an almost comparable level as TCD-BM alone (Fig. 3A) , which was again replicated upon the transfer of purified Csf2 −/− splenic T cells (Fig. 3B) . In both the splenocyte and T cell transfer experiments, we also noted a marked increase in mortality after transfer of Ifng −/− cells (Fig. 3, A and B) , which is consistent with the known protective, immunoregulatory function of this cytokine in GvHD (5) . At day 9 after HCT, the skin was the most affected organ with highest histological scores; here, we saw less tissue damage in mice receiving Csf2 −/− compared to WT splenocytes and more tissue damage in recipients of Ifng −/− splenocytes (Fig. 3, C and D) . This coincided with changes in sebaceous gland numbers, tissue organization, and cellular infiltrates around and within hair follicles and epidermis (Fig. 3D and fig.  S3A ). At a later stage (28 days) after allo-HCT, the transfer of Csf2 −/− splenocytes also led to decreased liver pathology (Fig. 3E ) characterized by changes in the portal tract infiltrates and bile duct disorganization ( fig. S3B) . On the cellular level, we also observed signs of reduced GvHD in the liver and small intestine of mice receiving Csf2 −/− cells, which had significantly fewer p22phox + cells accompanied by decreased infiltration of F4/80 + myeloid cells (Fig. 3 , F and G) but no changes in the T cell infiltrate, similar to what we observed in the full mismatched model ( fig. S3C ). Given the GvHD protective role of IFN- seen in these mice, we then asked whether the absence of GM-CSF was related to amounts of this cytokine: 10 days after haplo-mismatched HCT, we found significantly higher amounts of IFN- in the serum of mice that received csf2 −/− splenocytes compared to WT splenocytes (Fig. 3H) . Intriguingly, we also uncovered evidence of increased GM-CSF in sera from mice receiving Ifng −/− splenocytes (Fig. 3H) , suggesting that GM-CSF might additionally be mediating enhanced GvHD induced by the absence of IFN-. Together, we conclude that T cell-derived GM-CSF has a vital role in the development of GvHD immunopathology in two murine models of allo-HCT.
GM-CSF mediates GvHD lethality through donor-derived myeloid cells
After lethal conditioning, radiosensitive host antigen-presenting cells (APCs) are lost within the first days after HCT and substituted by APCs from the donor. Whereas host APCs are required for the priming phase of GvHD, donor APCs play less of a role in the induction of the disease but may be involved in perpetuating tissue injury (24) . To delineate whether the pathologically relevant GM-CSFresponsive cell type(s) are of donor or host origin, we used Csf2rb −/− mice lacking the  subunit of the GM-CSF receptor (GM-CSFR) as donors or hosts of HCT. GM-CSFR deficiency in the recipient compartment did not influence GvHD survival (Fig. 4A) . In contrast, the transfer of BM from Csf2rb −/− mice resulted in substantially delayed mortality (Fig. 4B) , phenocopying the transfer of Csf2 −/− splenocytes ( Fig. 2A) . We used unsupervised nonlinear dimensionality reduction [t-distributed stochastic neighbor embedding (t-SNE)] (25) to identify and visualize the GM-CSF-responding cells within the donor graft. With this approach, we found that monocytes and neutrophils were particularly sensitive to GM-CSF, which we assessed by single-cell analysis of phosphorylated STAT5 (signal transducer and activator of transcription 5), the transcription factor downstream of the GM-CSFR complex (20) . Csf2rb −/− mice were used as a source of GM-CSF-unresponsive cells for comparison (Fig. 4, C and D, and  fig. S4, A and B) .
Having confirmed that the cells responding to GM-CSF are limited to the myeloid compartment, we performed a thorough characterization of myeloid cell subsets found in the inflamed target organs 5 days after allo-HCT. The transfer of Csf2 −/− splenocytes resulted in decreased frequencies of several myeloid subsets including DCs, neutrophils, monocytes, and monocyte-derived cells (MDCs) (Fig. 4, E and F, and fig. S4C ). A decrease in neutrophils and monocytes/ MDCs was also found in target organs upon anti-GM-CSF treatment, whereas the systemic numbers of these myeloid subsets remained unaltered ( fig. S4D) . We observed that donor monocytes/MDCs produced less pro-IL-1 in the absence of GM-CSF (Fig. 4G) . IL-1 is a signature cytokine of the pathogenic program elicited by GM-CSF (20) and was shown to play a critical role in GvHD development (26) . We also investigated the expression of ROS by donor myeloid cells after allo-HCT, given their low amounts in tissue sections of mice receiving allogeneic Csf2 −/− T cells and their reported role in driving tissue damage (27) . We found that the transfer of Csf2 −/− splenocytes led to a decreased ROS production by both the monocytes/MDCs and neutrophil subsets (Fig. 4H) .
Collectively, these findings demonstrate that GM-CSF-licensed donor-derived myeloid cells are crucial for GvHD pathology.
Efficient GvL is retained in the absence of GM-CSF
The immune responses leading to tissue damage in GvHD and tumor elimination in GvL are widely considered to be mediated through the same mechanism (28) . Because donor T cell-derived GM-CSF was essential for lethal GvHD, we investigated whether it also mediated GvL in the MHC-mismatched HCT model. To test this, we intravenously injected A20 B cell lymphoma cells (of BALB/c origin) coexpressing green fluorescent protein (GFP) and luciferase (A20-GFP-Luc) into lethally irradiated BALB/c recipients, together with WT B6 TCD-BM cells either alone or with purified B6 WT or Csf2 −/− splenic T cells. Tumor growth was monitored by bioluminescent imaging (BLI). When A20 cells were infused with TCD-BM alone, all recipients died or reached the final termination criteria from the growing tumor within 35 days (Fig. 5 , A to C), consistent with a critical role for T cells in the GvL effect. Accordingly, adding WT or Csf2 −/− T cells to the BM transfer resulted in efficient control of tumor growth (Fig. 5, A to C) , although only mice receiving Csf2 −/− T cells showed a significant improvement in survival (Fig. 5C ). Whereas lymphoma-bearing mice receiving TCD-BM plus WT T cells mainly died from severe GvHD, mice receiving TCD-BM plus Csf2 −/− T cells exhibited an undiminished GvL effect but were at the same time protected from GvHD (Fig. 5, C and D) . This improvement of survival in mice receiving Csf2 −/− T cells was also observed in an alternative GvL model using the monomyelocytic cell line WEHI-3 ( fig. S5A) . Also, when we increased the number of inoculated A20 lymphoma cells, Csf2 −/− T cells executed GvL even more efficiently than WT T cells, leading to a significant increase in overall survival ( fig. S5 , B and C). Consistently, Csf2
−/− and WT T cells isolated from naïve or mice receiving allo-HCT were equally capable of killing A20 lymphoma and WEHI-3 cells ex vivo ( fig. S5, D to F S5G) . To test the translatability of our findings into a clinical setting, we used neutralizing monoclonal antibodies against GM-CSF. Notably, anti-GM-CSF-treated leukemic mice receiving TCD-BM plus T cells showed a potent GvL effect and had significantly better survival than the isotype-treated control mice (Fig. 5, E to H) . Better survival was associated with reduced GvHD incidence (Fig. 5H) . Notably, neutralization of GM-CSF did not have any impact on tumor growth in mice which did not undergo HCT. Thus, in the absence of GM-CSF, donor T cells are effective mediators of the therapeutic GvL response in mice, without inducing lethal GvHD, even in the highly immunogenic context of an MHC-mismatched allo-HCT.
GM-CSF
+ T cells are elevated in patients with GvHD We next asked whether there was evidence that GM-CSF plays a parallel role in GvHD in human HCT recipients. We assessed GM-CSF gene expression and protein abundance in gastrointestinal biopsies from patients with different grades of clinically documented acute GvHD after HCT for a range of different conditions (tables S1 to S3). At the transcriptional level, we detected significantly higher expression of GM-CSF in gastrointestinal biopsies from patients with grade IV compared to grade I GvHD (Fig. 6A) . Moreover, in samples from patients with grade IV GvHD, we observed strong immunoreactivity for GM-CSF in the stromal compartment, although we did not detect GM-CSF in biopsies from patients without GvHD (Fig. 6B) . Most of the cells producing GM-CSF in these samples were T cells, as indicated by the colocalization with CD3, in contrast to the minimal colocalization observed with the macrophage marker CD68 (Fig. 6C) . We also analyzed the expression of GM-CSF in T cells from peripheral blood of patients with GvHD (table S4 and gating strategy is shown in fig. S6 ) and found that the frequencies of GM-CSF-producing CD4 + T cells were significantly increased in patients with GvHD in comparison to healthy donors (Fig. 6D) , supporting that activated GM-CSF-producing T cells are pathogenically relevant in the human disease. We also observed a marked increase in the numbers of IFN--producing T cells but found no difference in IL-17-producing T cell frequencies (Fig. 6D) . Together, these results implicate GM-CSF in GvHD after allo-HCT in human patients.
DISCUSSION
Although there is a large body of literature discussing the potential contributions of different T H cell subsets and their signature cytokines to GvHD (29) , the mechanisms underlying inflammation and subsequent tissue destruction are not fully understood. Here, we reveal that GM-CSF plays a critical role in driving lethal GvHD in mice and is similarly elevated in human allo-HCT patients with severe GvHD. Moreover, GM-CSF appears to be dispensable for the therapeutic GvL effect and so may represent a promising therapeutic target in the separation of GvL from GvHD for the treatment of hematologic malignancies. We used two different murine models of acute GvHD to show that donor T cell-derived GM-CSF directly mediates severe GvHD, which is associated with abundant myeloid cell infiltration and increased amounts of pro-IL-1 and components of the ROS production machinery, classically used by phagocytes for host defense against pathogens. The same mechanisms are detrimental in the immunopathology of GvHD, where tissue damage and leukocyte infiltration go hand-in-hand (30) . The reduction of myeloid-driven oxidative stress in GvHD-susceptible organs observed here in animals receiving alloreactive Csf2 −/− T cells supports this notion. In accordance with the reported key role of GM-CSF in chronic intestinal inflammation (31) and the recently described contribution of basic leucine zipper transcription factor, ATF-like-dependent IL-7R hi GM-CSF + T cells to intestinal GvHD (32), we found GM-CSF to contribute to colonic pathology. The gastrointestinal tract not only is a crucial target organ of GvHD but also propagates the "cytokine storm" characteristic of acute GvHD (33, 34) .
S C I E N C E T R A N S L A T I O N A L M E D I C I N E | R E S E A R C H A R T I C L E
We uncovered evidence of a potential reciprocal regulation of GM-CSF and IFN- during GvHD in mice. IFN- produced by activated donor T cells has previously been shown to both promote and protect against GvHD (35, 36) ; here, we found that mice undergoing partial MHC-mismatched HCT with IFN--deficient splenocytes were significantly more susceptible to lethal GvHD than those receiving WT splenocytes. Intriguingly, these mice presented elevated serum GM-CSF, whereas mice receiving GM-CSF-deficient splenocytes exhibited elevated IFN- in their sera. The ability of IFN- to negatively regulate GM-CSF in effector T H cells has been previously reported (17) ; however, GM-CSF does not directly affect T cells, and thus, the mechanisms by which GM-CSF influences IFN- production are currently not known. We also excluded a role for T cell-derived IL-17A in acute GvHD. Previous reports differ in their interpretations regarding the role of IL-17 in GvHD, which was found to be detrimental (11, 12) , protective (37), or play no role in the disease (38) . Although differences in the conditioning regimens may explain the discordant findings, our data are supported by the generally low frequency of IL-17-producing T cells in preclinical GvHD models. Also in peripheral blood leukocytes from patients with GvHD, IL-17A frequencies were not abundant among memory T cells. Because posttransplant IL-17-producing CD8 T cells have been shown to express GM-CSF (39), we hypothesize that this cytokine might mediate the detrimental effects of CD8 T cells in GvHD pathology.
The prominent role for GM-CSF in the pathogenesis of GvHD is in line with the GM-CSF dependency reported in various T celldriven models of autoimmunity (13) . T cells, lacking the GM-CSFR complex, cannot directly respond to GM-CSF, and mye loid cell subtypes were proposed to be targeted by this cytokine during disease progression. In an animal model for multiple sclerosis, for example, GM-CSF responsiveness by CCR2 + monocytes was shown to be essential for tissue inflammation (20) . In the case of GvHD, we identified donor myeloid cells as relevant responders to GM-CSF. Although host APCs are required for the priming of acute GvHD (40) , donor APCs may play a role in tissue injury. We propose that donor APCs do not largely contribute to prime alloreactive T cells (24) , and that GM-CSF licenses the myeloid population in the donor graft to produce proinflammatory mediators (e.g., IL-1 and ROS) that engage and perpetuate tissue damage. Myeloid cells readily respond to GM-CSF to produce IL-1 (20) , and donor-derived APCs have been shown to be the main IL-1-producing myeloid subset at late GvHD stages (28) . Although ROS can directly cause tissue damage, myeloid-derived IL-1 can also potentially act via local stimulation of alloreactive T cells. The cross-talk mechanisms involved in GM-CSF-induced tissue damage in GvHD target organs are not yet fully elucidated.
There has been a long-standing assumption that donor T celldriven GvHD and the therapeutic GvL effect are mediated via the same mechanisms: Our data require us to question this notion. Treating mice with GM-CSF blocking antibodies before allo-HCT significantly protected from the development of lethal acute GvHD, whereas tumor-bearing mice treated with anti-GM-CSF benefited from effective control of tumor growth and protection from GvHD. Thus, GM-CSF does not control T cell-mediated killing of malignant lymphohematopoietic cells; instead, we propose that, in GvHD, GM-CSF acts as a communication conduit between alloreactive T cells and myeloid cells, licensing the latter to cause tissue destruction. Although GvL likely relies on direct cytotoxicity by T cells, the GM-CSF-driven responses of myeloid cells may be more relevant for GvHD pathology, thus representing a potential mechanism to separate the GvL effect from GvHD.
Current clinical guidelines support the use of CSFs to mobilize peripheral blood progenitors after autologous progenitor cell transplantation. However, the same is not applicable for allogeneic progenitor cell transplantation (41) , and the use of GM-CSF treatment in HCT has been associated with more days of fever and prolonged antibiotic therapy and, in addition, did not decrease infection-related mortality (42) . We here propose to neutralize GM-CSF in patients with GvHD, given the detrimental role of this cytokine in experimental models of GvHD. We anticipate that blocking GM-CSF in allo-HCT patients could improve clinical outcome and may even permit greater incompatibility between donors and recipients while limiting the risk of fatal GvHD. The marked increase of this cytokine observed in affected tissues from patients with severe GvHD further supports this idea. However, because GM-CSF is crucial for surfactant homeostasis and lung host defense (43) , it will be important to closely monitor lung disease parameters when blocking GM-CSF in the clinical setting.
There is evidence in mice that GM-CSF contributes critically to IL-23-mediated immune responses (17, 44) and that anti-IL-23p19 therapy can ameliorate syngeneic GvHD-associated colitis (45) . Thus, the direct blockade of GM-CSF might provide a valuable complement to any IL-23-targeted clinical trials. The fact that the absence of GM-CSF can halt the development of GvHD without impairing the GvL response paves the way for testing this therapeutic strategy for the prevention and treatment of GvHD after allo-HCT. Moreover, that GM-CSF was elevated in patient samples with the severest manifestations of GvHD means that this therapeutic strategy holds particular promise for patients with the poorest predicted outcome and highest risk of fatality.
MATERIALS AND METHODS
Study design
The study was initiated to determine whether certain T cell-derived cytokines could separate GvHD from GvL and so may represent promising novel therapeutic targets for the treatment of hematologic malignancies. To achieve this aim, we used two different experimental models of GvHD, an experimental model of GvL, and samples from human subjects. For animal studies, 8-to 12-week-old mice were used. All animal experiments were approved by local authorities (Swiss Cantonal Veterinary Office) and performed under the appropriate experimental licenses (76/2012 and 052/2015). Animals were randomly assigned into the experimental groups, and in-life clinical score was performed in a blinded fashion and image analysis processing on organ sections. Sample size and disease end time points were selected on the basis of previous studies. Flow cytometry, histopathological analysis, MLRs, killing assays, and cytokine analysis were performed to characterize the GvHD/GvL target organs. The effects of the specific GM-CSF blocking antibody on clinical score were assessed by investigators who were blinded to the treatment. To perform reliable statistical analysis, three independent experiments were conducted for each data shown in the manuscript, unless differently indicated in the figure legends.
All human samples were collected after approval by the Ethics Committee of the Albert-Ludwigs University Freiburg, Germany (protocol no. 267/11) following written informed consent. We performed immunohistochemistry and quantitative reverse transcription polymerase chain reaction on the gut biopsies and multiparameter flow cytometry on the PBMCs. Primary data are located in table S5. Also, clinical features of patients can be found in tables S1 to S4. The scoring system used for allo-HCT mice is described in table S6, and the phenotypical analysis of human PBMCs in table S7.
Statistical analysis
Graphs were prepared with GraphPad Prism (GraphPad Software). Survival curves were plotted by the Kaplan-Meier method, and for comparison of survival curves, a log-rank (Mantel-Cox) test was used. Data are shown as individual data points or as means ± SEM as depicted in the figure legends. Comparison of the means was performed using unpaired, two-tailed Student's t tests (with Welch's correction where applicable) or one-way and two-way ANOVA with Bonferroni posttest, respectively. No statistical methods were used to predetermine sample size, but our sample sizes were similar to those generally used in the field. No method of randomization was used.
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